Typical result from electrochemical promotion of catalysis experiment
current. In here for example a current of 100 µA is applied, following Faraday's law the value of r elec would be the expected new value based on the electrochemical reaction occurring; however, an increase in the rate to a new value r occurs, defying the Faraday's law and hence the promotion is called non-Faradaic. As explained in the manuscript, the increase in the rate to higher values is due to change in adsorption strength and decrease of activation energy, upon potential application. 
Cyclic voltammetry effect on catalytic rate
An additional cyclic voltammetry test was performed to show the on-line enhancement in the catalytic rate as a function of the potential applied. The current response as well as the catalytic rate are shown in ( ,
The chemical potential of oxygen is then described as a function of the standard chemical potential 2 , T and as follows (Equation S 3):
The standard chemical potential of an oxygen molecule within the ideal gas approximation is equal to its Gibbs free energy ( ). Directly expressing the oxygen Gibbs free energy in terms of an electronic
internal energy does not result in accurate values when using GGA functionals [2] . Therefore, the oxygen Gibbs free energy is derived from the water formation reaction. The Gibbs free energy of oxygen is related to the Gibbs free energy of water formation and the Gibbs free energies of hydrogen and water at standard conditions (Equation S 4). In the previous SFE equation, the oxygen supply is gaseous, whereas in EPOC conditions, the oxygen is supplied in its ionic form from the oxygen-conducting electrolyte material as follows (Equation S 5):
The chemical potentials of gaseous oxygen is replaced by that of oxygen anion and the ( , , , ,
The chemical potential of oxygen anions is linked through Equation S 7 with the chemical 2potential of oxygen from the gas phase and the potential applied versus a Standard Oxygen Electrode (SOE). It has been established that the equilibrium potential of SOE with respect to vacuum is 5.14 V [9] , whereas that of SHE is 4.44 V [10] ; therefore the equilibrium potential of SHE with respect to SOE is equal to -0.7 V and the SFE equation as a function of potential vs SHE is as follows (Equation S 8).
( , 
Effect of Number of Ru layers
The number of Ru atoms layers was varied between 2 and 6 layers and the surface free energy was calculated for a unit cell ( Figure S 8a) . It can be seen that the surface energy was stable as a function of the number of Ru layers confirming that the size of the unit cell used does not wrongly effect our calculations.
Similarly, adsorption energy of ethylene and oxygen on the most stable surface position was calculated as a function of the number of Ru layers; this confirmed as well the choice of 3 layers of Ru ( Figure S 8b) . 
Vacuum effect test
Vacuum test was performed on the RuO 2 slab with 2O br /2O ot , 2O br /2Ru and 2Ru/2Ru surface termination by varying the vacuum in the range of 15 to 30 Å in z-direction. Figure S 9 demonstrates SFE under 15 and 30 Å only and it can be seen that there is an insignificant change in the SFE value as a function of vacuum length, which confirms the use of 15 Å of vacuum length in our calculations. 
Energy cut-off effect
The effect of energy cut-off on the variation of the slab energy is depicted in Figure S 
Charge effect on potential and work function value

Cavity size test
Similarly, the cavity size test was performed on 2O br /2O ot , 2O br /2Ru and 2Ru/2Ru surface termination of RuO 2 (110) surface and is depicted in Figure S 13 . The default value for cavity size is 0.0025 and it can be seen that a minimal variation in SFE value was detected, making the NC_K value used in our DFT calculation reliable. Similarly, the reaction energy is found from subtracting the Gibb's energy parabolas of the initial state from the final state, and the activation energy is found from subtracting that of the initial state from the energy of the transition state ( Figure S 16) .
. Figure S 16 : Effect of potential applied on the Gibb's energy of the initial, transition and final states, used in activation and reaction energies calculations.
5.10
Effect of PBE and HSE functional on the work function of RuO 2 (110) surfaces Additional computations at the HSE level of theory of the work function of the three main surfaces (2O ot /2O br , 2Ru/2O br and 2Ru/2Ru) show that the PBE work function is in excellent agreement with experimental values (5.8 to 6.6 V) [11] , while the HSE results are 0.5 V higher compared to PBE and reach 7.1 V for the 2O ot /2O br surface. The 0.5 V difference between HSE and PBE is small enough to ensure that the qualitative mechanistic insight gained in this study does not significantly depend on the theoretical level. 
Additional Energy Calculations
The potential effect on the adsorption of ethylene in different possible positions is shown in Figure S 18. The C 2 H 4 on 2O br /2O ot is the most stable at all potential values. The C-H dissociation is a possible alternative to C-C bond dissociation; however, its activation energy is slightly higher than that of C-C dissociation. This is shown in Figure S 19 . 
